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A cobalt sulfide decorated reduced graphene oxide (CoS/rGO) nanocomposite
was successfully synthesized via a facile one-step hydrothermal route assisted
by ethylenediamine. The crystalline phase, structure and morphology of the
products were systematically characterized by x-ray diffraction, transmission
electron microscopy, scanning electron microscopy, x-ray photoelectron spec-
troscopy, nitrogen (N2) absorption–desorption isotherm, Raman spectra and
thermogravimetric analysis. The results show that CoS nanoparticles with the
size of 30–100 nm are well dispersed on or anchored in the creasy rGO sheets
substrate. Combining the CoS compound nature with the rGO outstanding
characteristics, the as-obtained CoS/rGO as an electrode for a supercapacitor
harvests high specific capacitance, excellent long-cycle stability and remark-
able high-rate capability, which are all superior to those of pristine CoS.
Importantly, this nanocomposite possesses a specific capacitance of 813 F g�1

at 0.5 A g�1 (about 2 times that of pure CoS) and excellent cycling stability
with 91.2% capacitance retention after 1000 repetitive charge–discharge cy-
cles. It is noteworthy that this approach can be readily applicable to the
nanoparticle decoration of graphene sheets and the preparation of other gra-
phene-based nanocomposites for supercapacitors.

Key words: Cobalt sulfide, reduced graphene oxide, nanocomposite,
supercapacitors

INTRODUCTION

Supercapacitors or electrochemical capacitors
(ECs) have been investigated as promising energy
conversion and storage devices due to their ultrafast
recharge ability, long lifespan, high energy density
and power density.1–4 There are two categories of
ECs generally classified on the basis of their charge
storage mechanism. One is pseudocapacitors dom-
inated by Faradic processes of active electrode
material, and the other is electrical double-layer
capacitors (EDLCs) which rely on charge accumu-
lation at the electrode/electrolyte surface.5

Compared with non-Faradic reactions in EDLCs,
pseudocapacitors are governed by a reversible
Faradic reaction of electroactive material and thus
deliver a high specific capacitance.6,7

Cobalt sulfide with various stoichiometric compo-
sitions (e.g., CoS, CoS2, Co3S4, Co8S9) has been
widely explored for energy conversion and storage
systems. Specifically, CoS is regarded as an auspi-
cious candidate for supercapacitors owing to its high
reversible redox capability and cost effective-
ness.8–10 Nevertheless, CoS electrode materials are
still plagued by drawbacks arising from their pul-
verization during the electrochemical process, such
as poor electrical conductivity, limited specific
capacitance, fast capacity decay and low rate prop-
erty.11–13 Consequently, many researchers have
focused on the rational designing of desirable
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materials with special nanostructures and novel
developing composites at the nanoscale to address
these issues.14–16 In particular, an effective strategy
of introducing a carbonaceous material substrate
has been extensively employed to generate elec-
troactive materials with improved capacitive per-
formance17–19 Graphene, a single-layer two-
dimensional (2D) nanosheet of graphite, is a promis-
ing material for supercapacitors due to its unique
features such as high conductivity, excellent
mechanical flexibility and chemical innerness. Cur-
rently, reduced graphene oxide (rGO) is a general
graphene derivative, which has been widely utilized
as the substrate in rGO-based nanocomposites to
reinforce the electrochemical properties in compar-
ison with the counterparts in the absence of rGO.
Previous studies have investigated CoS/rGO
nanocomposites for their applications in superca-
pacitors. For instance, b-cobalt sulfide nanoparticles
decorated graphene composite electrodes are
obtained via hydrothermal treatment and an Ar
calcination approach.20 CoS nanosheet/graphene
composite networks on nickel foam through a two-
step electrochemical deposition process encompass
the performance of high specific capacitance and
excellent rate capability.21 A CoS/rGO hybrid com-
posite with rGO layers and CoS nanoparticles can
only deliver 550 F g�1 at 1 A g�1.22 Supercapacitors
made of a 3D graphene/CoSx composite with low
crystallinity of CoSx nanoflakes exhibit 443 F. g�1 at
1 A g�1.23 Although many efforts have been made to
produce cobalt sulfide/rGO nanocomposites as
supercapacitors, these composites are still hindered
by the problems of a tedious synthesis procedure,
additional cost, limited specific capacitance and poor
crystallinity of cobalt sulfide. Hence, a simple,
efficient, and cost-effective means of acquiring
cobalt sulfide/rGO nanocomposites with excellent
electrochemical properties for supercapacitors is
desirable.

Here, we report a facile one-step hydrothermal
method to fabricate a CoS/rGO nanocomposite in
the presence of ethylenediamine. During the pro-
cess, the reduction of GO sheets to rGO and in situ
embedding of CoS nanoparticles into GO sheets
occurs simultaneously, leading to the formation of a
CoS/rGO nanocomposite. Benefiting from the syn-
ergistic effects of the CoS compound nature and the
rGO characteristics, the CoS/rGO electrode as a
supercapacitor presents typical pseudocapacitance
behaviors with a high specific capacitance of
813 F g�1 at 0.5 A g�1 (about twofold that of CoS),
a remarkable rate capability and an excellent
cycling durability of 91.2% specific capacitance
retention after 1000 cycles, which offers potential
applications of rGO-based nanocomposites in super-
capacitors. In addition, the mass ratio of Co(CH3

COO)2Æ4H2O to GO has a remarkable influence on
the pseudocapacitance properties of the CoS/rGO
nanocomposite, suggesting that a suitable loading

content of CoS on rGO is essential for optimal
electrochemical properties.

EXPERIMENTAL

Materials and Chemicals

All chemicals were purchased commercially from
Sinapham Chemical Reagent (Shanghai, China).
Nickel foam, acetylene black and polytetrafluo-
roethylene (PTFE) were bought from Lizhiyuan
Electronics (Taiyuan, China). All materials and
chemical reagents were of analytical grade and
used as received. Deionized water with a resistivity
of 18 MX was used in each experiment.

Preparation of CoS/rGO

GO was attained from graphite powders by a
modified Hummers’ method, as previously
reported.24,25 A GO aqueous dispersion (3 mg mL�1)
was obtained by ultrasonicating the as-synthesized
GO sheets in water for 1 h under ambient condi-
tions. A series of CoS/rGO nanocomposites with
different component ratios of CoS to rGO were
synthesized. Here, the weight content of CoS was
controlled by adjusting the mass ratio (r) of
Co(CH3COO)2Æ4H2O to GO. CoS/rGO with r = 6
was fabricated as follows: Co(CH3COO)2Æ4H2O
(0.36 g) and thiourea (0.218 g) were firstly dissolved
in 20 mL GO aqueous dispersion (3 mg mL�1). The
dispersion was then homogeneously stirred for
30 min. Next, 300 lL ethylenediamine was added
to the mixture. After 1 h of vigorous stirring, the
mixture was transferred to a 25-mL Teflon-lined
autoclave for hydrothermal processing at 180�C for
12 h. After cooling to room temperature, the black
product was separated via filtration, rinsing, and
centrifugation with water and absolute ethanol. The
final product (denoted as CoS/rGO) was acquired
after vacuum drying overnight at 60�C. In compar-
ison, pure CoS was prepared by the same hydrother-
mal treatment as CoS/rGO in the absence of GO.

Materials Characterizations

The microstructure and morphology of the
obtained materials were observed via scanning
electron microscopy (SEM; JEOL 7800f) equipped
with energy dispersive spectroscopy (EDS; Oxford)
and transmission electron microscopy (TEM; JEOL
2010) at an accelerating voltage of 200 kV. The
crystal structure was determined by means of
powder x-ray diffraction with Cu Ka radiation
(XRD; Rigaku Dmax 2500 PC). The specific surface
area, calculated using the Brunauer–Emmett–
Teller (BET) method, was taken on a N2 adsorp-
tion–desorption analyzer (ASAP 2020) at 77 K.
Raman spectroscopy was performed at 532 nm on
a Thermo Fisher DXR Raman spectrometer. The
binding characteristics of the material were exam-
ined via x-ray photoelectron spectroscopy (XPS;
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Thermo Scientific ESCALAB 250Xi) with a 1486.6-
eV x-ray from Al Ka line. Thermogravimetric anal-
ysis (TGA; Perkin Elmer Pyris Diamond) was
recorded at a heating rate of 10�C min�1 under air
atmosphere.

Electrochemical Measurements

To assess the electrochemical performances of the
resultant CoS/rGO, a classic three-electrode elec-
trochemical system including the electrolyte of 6 M
KOH aqueous solution was applied. CoS/rGO-mod-
ified electrode was achieved by combining 80 wt.%
CoS/rGO, 10 wt.% acetylene black with 10 wt.%
PTFE binder into a slurry. The slurry was thor-
oughly mixed, loaded onto Ni foam (1 cm 9 1 cm),
and then pressed at 10 MPa. After vacuum drying
at 80�C for 10 h, wa orking electrode based on a
CoS/rGO-modified electrode was obtained. The
mass of the electroactive material loading on Ni
foam was approximately 1.5 mg. A platinum foil
and a saturated calomel electrode acted as the
counter and the reference electrode. The electro-
chemical determinations containing cyclic voltam-
metry (CV), galvanostatic charge/discharge (GCD)
and electrochemical impedance spectroscopy (EIS)
were tested on a CHI760E electrochemical work
station (Shanghai, China). Cycling performance was
measured with a CT 2001A Tester (Wuhan, China).
The specific capacitance by GCD measurement can
be calculated from Eq. 16:

C ¼ I � Dt=ðm � DVÞ ð1Þ

where C (F g�1) is the specific capacitance, I (A) the
constant discharging current, Dt (s) the discharge
time, DV (V) the potential interval, and m (g) the
mass of electroactive material in the electrode.

RESULTS AND DISCUSSION

Structural Characterization

The crystalline phase and structure compositions
of CoS/rGO and the bare CoS sample were charac-
terized by XRD. As the XRD patterns reveal in
Fig. 1a, four typical diffraction peaks at 2h = 30.6�,
35.3�, 46.9�, and 54.4� can unambiguously be
assigned to the respective (100), (101), (102) and
(110) phase planes of CoS. The diffraction peaks are
all well-matched to the standard hexagonal CoS
(lattice constants of a = b = 3.368 Å and c = 5.17 Å,
JCPDS No. 65-3418). No characteristic peaks from
other phases were detected, implying the high
purity of both products. Moreover, a broad diffrac-
tion peak at 2h = 25� corresponding to the (002)
plane of graphene is barely discernible in the XRD
pattern of CoS/rGO, oossibly twing po the weak
diffraction intensity of the graphene component.26,27

The carbon structures of GO, rGO, and CoS/rGO
were investigated via Raman spectroscopy. The two
peaks in Fig. 1b located at � 1346 cm�1 and � 1583
cm�1 are attributed to the D band (due to the
vibrations of sp3-bonded carbon atoms of defects in
the aromatic rings) and the G band (related to the
stretching of sp2-bonded carbon atoms in rings and
chains), respectively.28 For rGO and CoS/rGO, the
peak of each band will in general move slightly to a
lower Raman shift than the peaks for GO after GO
has been reduced to rGO.29 Values of 1.14. 0.92, and
1.13 are calculated for the respective D/G peak
intensity ratios (ID/IG) of CoS/rGO, GO, and rGO.
This indicates that (1) compared with the graphene
sheets in GO, graphene sheets in CoS/rGO contain
fewer disorders and defects, and (2) GO is partially
reduced during the hydrothermal fabrication of

Fig. 1. (a) XRD patterns of CoS and CoS/rGO; (b) Raman spectra of GO, rGO and CoS/rGO.
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CoS/rGO. The ID/IG of CoS/rGO is higher than that
of GO, owing to a decrease in the disordered
restacking extent of graphene sheets originating
from partial CoS-nanoparticle incorporation into
the layer-by-layer structures of rGO.20

The morphology and microstructure of the bare
CoS sample and CoS/rGO were investigated via
SEM. Typical high-magnification SEM images in
Fig. 2a and b reveal that CoS nanoparticles with a
broad size distribution (30–100 nm) are uniformly
embedded in, wrapped in or loaded on wrinkled and
restacked graphene sheets. In strong contrast, the
pure CoS product in the absence of rGO is composed
of quasi-flower-like microspheres (see Fig. 2c),
which are constructed by two-dimensional cross-
linked and stacked CoS nanopetals. The morphology
of the pure CoS sample is significantly different
from that of the CoS nanoparticles in CoS/rGO. The
large particle size and condensed microstructure of
the pure product suggest that the introduction of
rGO as a supporting substrate in CoS/rGO allevi-
ates the severe aggregation of CoS particles. This
promotes the formation of smaller CoS particles in
the nano scale and a looser structure of CoS/rGO.
The EDS spectrum (see Fig. 2d) reveals that CoS/
rGO consists of only Co, S, C and O, where O is
generated by the unreduced oxygen atoms in the
hydroxyl and epoxy groups of the rGO substrate.

The structure of CoS/rGO was further investi-
gated via TEM. Typical images at various magnifi-
cations are shown in Fig. 3. The images (see Fig. 3a)
show that highly-dispersed CoS nanoparticles are
homogenously attached to the surface and edge of
the rGO. Even after preparation of CoS/rGO for the
TEM sample via ultrasonication in ethanol, these
nanoparticles are still strongly anchored in the rGO,
signifying the tight binding between the nanopar-
ticles and the graphene sheets. Meanwhile, micro-
sized CoS free particles are completely absent. In
good accordance with the SEM analysis, the high-
magnification TEM image shown in Fig. 3b dis-
closes that the CoS nanoparticles (diameter: 30–
100 nm) have non-uniform and irregular morpholo-
gies. The rGO exhibits loose layer-by-layer restack-
ing and folding architecture with many creased
sheets at the edges.

XPS tests were performed to elucidate the chem-
ical composition of the CoS/rGO. As the survey
spectrum shows in Fig. 4a, C, S, O, Co and N are the
dominant elements in CoS/rGO. The N peak at
399.5 eV results from thiourea decomposition.30

Figure 4b exhibits the high-resolution C 1s XPS
spectra. Four deconvoluted peaks of C 1s at 284 eV,
285.3 eV, 286.5 eV, and 289 eV can be indexed to
C=C, C-OH, C-O-C, and C=O, respectively.26,31 In
the Co 2p spectrum (see Fig. 4c), the main peak

Fig. 2. SEM images at different magnifications of (a, b) CoS/rGO and (c) CoS; (d) EDS pattern of CoS/rGO.
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centered at 782.1 eV and a shoulder peak at 798 eV
are associated with the Co 2p1/2 and Co 2p3/2 spin–
orbit couple of CoS.32 The S 2p spectrum in Fig. 4d
presents the binding energies located at 162 eV and
169 eV, which correspond to the spin–orbit peaks of
S 2p3/2 and S 2p1/2, respectively. The S 2p signal at

162 eV indicates the existence of S2� in the CoS/
rGO and the binding energy of Co-S.33 Based on the
XPS analysis, we can confirm that CoS was suc-
cessfully anchored in the rGO.

Figure 5a shows the N2 adsorption–desorption
isotherms of bare CoS and CoS/rGO. A

Fig. 3. (a, b) TEM images of CoS/rGO obtained at two magnifications.

Fig. 4. The survey (a) and the corresponding high-resolution XPS spectra of (b) C 1s; (c) Co 2p and (d) S 2p of CoS/rGO.
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representative IV isotherm with an apparent hys-
teresis loop at various relative pressures (P/P0) is
present in both plots. Values of 44.09 m2 g�1 and
0.23 cm3 g�1 are determined for the BET surface
area and the total pore volume of CoS/rGO, respec-
tively. These values are considerably higher than
those of pure CoS (0.176 m2 g�1 and 0.03 cm3 g�1),
verifying that the presence of rGO in CoS/rGO
enhances the specific surface area and yields a loose
structure. The weight composition of graphene in
CoS/rGO is quantified through a TGA test. Stages of
weight loss, consistent with those reported in pre-
vious studies,34 are observed (see Fig. 5b). The
weight loss stage at temperatures lower than
420�C can be assigned to the conversion of CoS to
cobalt oxide. At � 500�C, a significant weight loss
occurs, confirming the burning of graphene sheets.
The weight content of the graphene and CoS in CoS/
rGO is estimated to be 6% and 94%, respectively.

Electrochemical Analysis

Figure 6a and b illustrates the CVs of pure CoS
and CoS/rGO in the potential window of � 0.05–

0.45 V at various sweep rates. It is noted that both
CV curves consist of a pair of strong redox peaks,
indicating the typical pseudocapacitive features
depending on Faradaic reactions occurring in the
electrochemical conversions. The shape of both CV
curves differs from that of EDLC, whose CV curve
presents a close rectangular model.35 The pair of
redox peaks probably refer to the reversible reac-
tions of CoS � CoSOH and CoSOH � CoSO.
According to the previous results,36,37 two electro-
chemical redox reactions of the CoS pseudoactive
electrode in KOH aqueous electrolyte can be
assumed as follows:

CoS þ OH�
� CoSOH þ e�; ð2Þ

CoSOH þ OH�
� CoSO þ H2O þ e�: ð3Þ

Sweep rate alone with the inner structure of
electrode also affects the locations of redox peaks.38

Upon the sweep rate varying from 5 mV s�1 to
50 mV s�1, the shapes of both CV curves are
retained and the potentials of the anodic and

Fig. 5. (a) N2 absorption–desorption isotherm of pure CoS sample and CoS/rGO (inset pore size distribution of CoS/rGO); (b) TG curve of CoS/
rGO.

Fig. 6. CV curves of (a) pure CoS sample and (b) CoS/rGO at different sweep rates.
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cathodic peaks shift slightly to more positive and
negative directions, respectively. This may be
because the internal diffusion resistance of the
supercapacitor material augments the increasing
sweep rate.39,40 Meanwhile, the peak current den-
sities increase with the rise of the sweep rate. This
phenomenon could be ascribed to the limiting
charge transfer step in the Faradic reactions.41,42

These results show that the OH� diffusion-con-
trolled redox reaction is predominant within the
electrode. The specific capacitance simply estimated
from the voltammetric method is proportional to the
average area surrounded by a CV curve, and one
can safely conclude that the specific capacitance of
CoS/rGO is significantly higher than that of pure
CoS within the same potential range.43

GCD profiles of pure CoS and CoS/rGO at differ-
ent current densities are disclosed in Fig. 7a and b.
There exists an apparent plateau and a non-linear
relationship of potentialtime in GCD curves, further
confirming the pseudocapacitive behaviors coming
from the reversible Faradic processes between the
CoS electrode and the KOH aqueous electrolyte.
This result is well consistent with the analysis from

the CV curves. The specific capacitances of pure CoS
and CoS/rGO calculated via GCD curves are plotted
in Fig. 7c. CoS/rGO delivers the maximum specific
capacitance of 813 F g�1 at 0.5 A g�1, which
approaches 1.96 times the value of pure CoS
(414 F g�1).

The rate capability is a crucial parameter of
electrode in application for supercapacitors. Impres-
sively, the CoS/rGO electrode still offers 489 F g�1

at a high current density of 10 A g�1, maintaining
almost 60.1% specific capacitance at 0.5 A g�1.
However, pure CoS only releases 148 F g�1 at
10 A g�1, which merely covers approximately
35.7% of the value at 0.5 A g�1. This evident
distinction approves that as to rate capability CoS/
rGO outperforms pure CoS.

The mass ratio (r) of Co(CH3COO)2Æ4H2O to GO
greatly affects the electrochemical performances of
CoS/rGO nanocomposites for supercapacitors. As
reflected in Fig. 7d, when r = 0, 2, 4, 6, and 8, the
calculated specific capacitances for the CoS/rGO
nanocomposite are 102 F g�1, 236 F g�1, 581 F g�1,
813 F g�1 and 687 F g�1, respectively Apparently,
the CoS/rGO nanocomposite with r = 6 has the

Fig. 7. GCD curves of (a) pure CoS sample and (b) CoS/rGO at different current densities from 0.5 A g�1 to 10 A g�1; (c) Specific capacitances
of CoS sample and CoS/rGO at different current densities; (d) Specific capacitances of CoS/rGO nanocomposites with different mass ratios of
Co(CH3COO)2Æ4H2O to GO.
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maximal specific capacitance. Meanwhile, the val-
ues of specific capacitance first increase with the
rising r, but then reduce when r is over 6. In fact,
the elevated loading content of CoS on the rGO
support will inevitably decrease the amount of the
corresponding component rGO, and accordingly the
conductivity of CoS/rGO nanocomposites declines,
resulting in the drop in the specific capacitance
value. Thus, an appropriate loading amount of CoS
on rGO is critical for optimal electrochemical
properties.

To obtain insight into the electrochemical mech-
anism of pure CoS and the CoS/rGO electrode, we
undertook EIS measurements at open circuit poten-
tial with a fixed ac perturbation of 5 mV in the
frequency range of 0.1 Hz–10 kHz. The Nyquist
plots of pure CoS and CoS/rGO are shown in Fig. 8a.
In both EIS spectra, a small semicircle in the high-
frequency region followed by a straight line in the
low-frequency region can be seen. From the equiv-
alent circuit (inset of Fig. 8a), the point of intersec-
tion with the x-axis of the impedance plot
corresponds to solution resistance (RS), a total
resistance of the inner electrode resistance, bulk
electrolyte resistance, and the contact resistance
between the electrolyte and the electrode. The RS

value of CoS/rGO (0.19 X) is dramatically smaller
than that of CoS (1.02 X), confirming that the
introduction of the rGO conducting substrate has
reduced the inner electrode resistance and contact
resistance, which allows efficient access for the
electrolyte to the electrode surface.44 The span of
the semicircle along the x-axis represents interfacial
charge-transfer resistance (Rct), which is associated
with the charge-transfer kinetics of the electrode in
the electrolyte. Under careful observation from the
magnified ESI data, CoS/rGO has a little smaller Rct

compared with CoS. Actually the smaller Rct value
is favorable for higher specific capacitance.45 The
linear part in the EIS data reflects Warburg resis-
tance (W) mainly involving the ion diffusion process
between the electrode and the electrolyte. The

higher slope of CoS/rGO manifests faster ion trans-
port rates from the electrolyte to the electrode
interface. Additionally, CoS/rGO shows a more
vertical line than CoS, suggesting a more ideal
pseudpcapacitor model.46 The above EIS results
cogently verify that CoS/rGO compared to CoS
imparts superiority in ion transport rates and
electrochemical kinetics, thus exhibiting enhanced
performance for supercapacitors.47

Figure 8b shows the electrochemical cyclic stabil-
ity of pure CoS and CoS/rGO for 1000 repetitive
galvanostatic charging–discharging cycles at a con-
stant current density of 0.5 A g�1. After being
cycled for 1000 cycles, the pristine CoS electrode
affords a specific capacitance of 337 F g�1 with only
81.4% retention of its original value, while CoS/rGO
displays 742 F g�1, which is about an 8.8% capac-
itance reduction of its maximum value. Obviously,
in terms of cycling properties, the CoS/rGO is
superior to pure CoS.

In contrast with the reported CoS supercapacitor
with limited specific capacitance, such as CoS
nanoparticles (41 F g�1),48 CoS thin films
(252 F g�1)49 and CoS nanosheets (318 F g�1),50

our CoS/rGO could deliver 813 F g�1. Moreover,
CoS/rGO showed excellent cycling performance
with 91.2% capacitance retention after 1000
charge—discharge cycles, while only 66% initial
specific capacitance was retained for the CoS2

micro-ellipsoids with tube-like cavities when being
cycled for 1000 times.11

These advantageous electrochemical perfor-
mances of CoS/rGO for supercapacitors could be
attributed to beneficial synergistic effects from CoS
and rGO. Firstly, graphene as a conducting agent
significantly increases the electrical conductivity of
CoS/rGO, and thus reduces the inner resistance of
the whole electrode.51 Secondly, highly-dispersed
CoS nanoparticles in the rGO substrate can effec-
tively avoid their agglomeration and provide enough
efficient contact sites for electrochemical redox
reactions between the CoS and hydrate ions.

Fig. 8. (a) Nyquist plots for of CoS and CoS/rGO. Insets magnified plots in the high-frequency region and the equivalent circuit used to simulate
the Nyquist plots; (b) cycling performance of CoS/rGO and pure CoS at 0.5 A g�1.
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Thirdly, the high specific area of CoS/rGO brings
about excellent interfacial contact between the CoS
and the graphene, improving accessible pathways
for electrolyte ions and efficient ion diffusion.52

CONCLUSION

In summary, this work has demonstrated a facile
strategy for a one-step hydrothermal process of CoS/
rGO and contrastiing pristine CoS promoted by
ethylenediamine. CoS nanoparticles with a broad
size distribution are uniformly anchored on wrin-
kled and restacking rGO sheets. Benefiting from the
synergistic effects between the two components of
CoS and rGO, the CoS/rGO-based supercapacitor
harvests a maximum specific capacitance of
813 F g�1 at 0.5 A g�1 (about 2 times that of pure
CoS) and 91.2% capacitance retention of its initial
value after continuous charging–discharging 1000
cycles, displaying superior specific capacitance,
cycling performance and rate capability over pris-
tine CoS. Additionally, this CoS/rGO can be a
promising electrode material for supercapacitors
as well as other power source devices.
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